We develop superembedding approach to multiple D-particle (D0-brane) system. In flat target D = 10 type IIA superspace this produces the supersymmetric and Lorentz covariant version of the Matrix model equations. The equations following from our superembedding approach to multiple D0 in curved type IIA superspace shows the Myers 'dielectric brane effect', i.e. interaction with higher form gauge fields which do not interact with a single D0-brane.
We show that they produce a nonlinear equations of motion, which, in the case of flat target superspace, describe a non-Abelian D=10 SYM dimensionally reduced to d = 1 (the system which is used to define the Matrix model). However, the superembedding approach is also able to produce multiple D0-brane equations in an arbitrary type IIA superspace supergravity background (and it is not clear how to reproduce these equations just by SYM dimensional reduction). We analyze the general algebraic structure of the bosonic equations of motion for the multiple D0-brane in general type IIA supergravity background, as follows from superembedding approach, and show that these describe the Myers 'dielectric brane' effect of polarization of multiple Dp-brane system by external higher form fluxes, i.e. shows the coupling of multiple D0-brane system to the higher form gauge fields, which do not interact with a single D0-brane. We conclude by discussion on our results and interesting directions for future study.
1.1. Basic notation. Our notation are close to one in [25] . We denote the type II superspace coordinates by Z M = (x µ , θα) (µ = 0, 1, . . . , 9,α = 1, . . . , 32) and supervielbein form by
(a = 0, 1, . . . , 9, α = 1, . . . , 32). These are restricted by the set of supergravity constraints the most essential of which are collected in the expression for the bosonic torsion two form. For type IIA case these are 2) while the constraints for type IIB superspace is obtained from (1.2) by omiting tilde (replacing σ a byσ a in the second term in the brackets, T a := DE a = −i(E 1 ∧ σ a E 1 + E 2 ∧ σ a E 2 ). Here 2 Superembedding approach to a Dp-brane.
Worldvolume superspace W (p+1|16)
Following the so-called doubly supersymmetric twistor-like approach to superparticles and superstrings [26, 27, 28] 5 the superembedding approach [16, 13, 17, 14, 29, 25] describes the dynamics of super-p-brane in terms of embedding of a worldvolume superspace into the target superspace. In the case of D=10 Dp-branes (Dirichlet super-p-branes) the worldvolume superspace W (p+1|16) has d = p + 1 bosonic and 16 fermionic dimensions. We denote the local coordinates of W (p+1|16) by ζ M = (ξ m , ηα) (m = 0, 1, .., p,α = 1, ..., 16) the embedding of W (p+1|16) into the D = 10 type II target superspace Σ (10|32) can be described in terms of coordinate functionsẐ M (ζ) = (x m (ζ) ,θα(ζ)),
The superembedding equation
A particular beauty of the superembedding approach is that, for all known super-p-branes, the embedding of the worldvolume superspace into the target superspace is characterized by a universal equation which is called the superembedding equation. This geometrical equation (the name 'geometrodynamic equation' was used in [28] ) restricts the coordinate functionsẐ M (ζ) and, in some cases, completely determines the dynamics of superbrane.
To write the most general form of this superembedding equation let us denote the supervielbein of W (p+1|16) by 2) and write the general decomposition of the pull-back of the supervielbein of target type II superspace,Ê A := E A (Ẑ) on this basis,
3)
The superembedding equation states that the bosonic supervielbein form has zero projection on the worldvolume fermionic supervielbein form. This is to say, it readŝ
It can be also presented in an equivalent form of
where u i a = u i a (ζ) are (9 − p) spacelike, mutually orthogonal and normalized 10-vector fields,
Eq. (2.5) means that they are orthogonal to the worldvolume superspace. We can complete thier set till moving frame by adding d = (p + 1) mutually orthogonal and normalized D-vector fields u b a = u b a (ζ) which are tangential to the worldvolume superspace,
The statement that u a b vectors are tangential to the worldvolume superspace implies that their contraction with the pull-backÊ a of the target superspace bosonic supervielbein E a provides us with a set of d = (p + 1) linearly independent nonvanishing one-forms, which can be used as bosonic supervielbein of the worldvolume superspace,
This e a is referred to as induced by the (super)embedding. Eqs. (2.8) and (2.5) implieŝ
This is one more equivalent form of the superembedding equation. The fermionic supervielbein form e α of the worldvolume superspace W (p+1|16) can also be induced by superembedding. When describing Dp-branes, it is convenient to identify e α with the pull-back to W (p+1|16) of, say, the first of two target space fermionic supervielbein forms
Then the general decomposition of the second fermionic supervielbein form reads
As far as the induced spin connection and normal bundle connections are concerned, it is convenient to write the definition of the connections using the SO(1, 9) × SO(1, p) × SO(9 − p) covariant derivative action on the moving frame vector, [16] ,
Both equations in (2.12) involve the covariant 1-form Ω ai which describes extrinsic geometry of W (p+1|16) embedded into the type IIB superspace and provides the supersymmetric (and superform) generalization of the so-called second fundamental form of the classical surface theory (see [16] for more discussion). The selfconsistency condition for the superembedding equation Eq. (2.5) gives, in particular, an algebraic equation for the spin tensor h in (2.11). For type IIA it reads
while for type IIB it is given by
2.3 Constraints for the worldvolume gauge field.
The constraints for the worldvolume gauge field strength of the Dp-brane have the universal form
whereB 2 is the pull-back to the worldvolume superspace W (p+1|16) of the type IIB NS-NS superform potential B 2 . The field strength of this is restricted by the constraints which, for type IIA case, can be collected in the following differential form expression
The lowest dimensional (dim 2, ∝ e γ ∧ e β ∧ e a ) component of the Bianchi identities
Notice that this equation relates the spin-tensor h, appearing in the decomposition of the pull-back of fermionic vielbein, and the gauge field strength F ab . One can easily check that the matrix k constrcuted from F ab as in (2.17) is SO(1,p) group valued, i.e. it obeys kηk T = η [31, 15] ,
Further study shows that the system of superembedding equation plus the worldvolume gauge field constraints (2.14) always contain the dynamical equations among their consequences (and for p ≤ 6 Dp-branes [32] the superembedding equation along suffice for this purposes). However, the details of derivation are p-dependent so that we turn now to the case of D0-brane which is of our main interest here. 6 In the case of D0-brane there are nine spacelike directions orthogonal to worldline and the tangent to the worldline gives a time-like directions, so that the corresponding moving frame vectors (u a 0 , u i a ) obey
The worldvolume superspace W (1|16) has only one bosonic direction, e a → e 0 and the superembedding equation can be written as (see (2.9)) 20) while the fermionic supervielbein forms read (see (2.10))
It is convenient to write the selfconsistency conditions for the superembedding equation (3.20) in the form of
using the simplified notation
These are suggestive as far as the matrices (3.23) andσ 0 αβ :=σ
αβ u b i do possess the algebraic properties of D=10 Pauli matrices. However, one should keep in mind that they are not constant matrices but rather obey
where Ω i is defined in (2.12). In this notation the the general solution of Eq.(3.22) reads
This is the place to comment on the worldvolume gauge field constraints for the D0-brane case (worldline gauge field). For the p = 0 the r.h.s. of Eq. (2.14) clearly vanishes so that the constraints read F 2 := dA −B 2 = 0 and the Bianchi identities (2.16) simplify toĤ 3 = 0. Their only nontrivial consequence reads
Eq. (3.26) is satisfied identically by the general solution (3.25) of Eq. (3.22) . This shows that the gauge field constraints in the case of D0-brane are dependent, which is in agreement with the known statement that the superembedding equation alone is sufficient to describe dynamics in this case. On the other hand, using both (3.22) and (3.26), one finds the solution (3.25) immediately, much easier than using only (3.22) ; this illustrates that the use of the superspace constraints for the worldvolume gauge fields (2.14) is helpful also in the cases when the superembedding equation is sufficient to describe the brane dynamics. Another consequence of the selfconsistency conditions for the superembedding equation (3.20) is that Ω i in (3.24) is expressed by
in terms of fermionic superfield χ α =Ê 0 2 α and bosonic superfield
This latter has a meaning of mean curvatures of the D0-brane (super)worldline in target type IIA superspace. The bosonic and fermionic equations, which can be now obtained from the selfconsistency condition for the fermionic conditions (3.21), are formulated in terms of these superfields. In flat target superspace the equations of motion imply vanishing of both χ α and K i ,
In general type IIA supergravity background the fermionic equations of motion acquires the r.h.s.
defined by 
The bosonic equation for D0-brane in general supergravity background reads
where
To arrive at the second line of Eq. (3.33), written explicitly up to the fermionic contributions, one has to use also the explicit expressions for D α Λ β and dimension 1 component of fermionic torsions in terms of the background fluxes; these can be extracted from the results of [30] (see also [34] ).
4 Multiple D0-brane equations from superembedding approach.
It is the usual expectation that the action for a system of N Dp-branes will essentially be a nonlinear generalization of the U(N) SYM action. In particular, the (purely bosonic and not Lorentz invariant) Myers action [20] is of this type. Then the equations of motion which should follow from a hypothetical supersymmetric and Lorentz covariant generalization (or modification) of this action are expected to contain the SU(N) SYM equations (U (N ) = SU (N ) × U (1)) while the center of mass motion is expected to be described by a usual type of coordinate functionsẐ M (ξ) and by related equations for the U(1) gauge fields (presumably coupled to the SU(N) equations). Notice that the center of mass equations of motion (and equations for U(1) gauge fields which is expected to be involved in the center of mass supermultiplet) are expected to be quite close to the equations for a single Dp-brane, but with the single brane tension T replaced by N T . Our task now is to apply the superembedding approach in search for such supersymmetric equations in the simplest p=0 case.
Non-Abelian
First, as far as the superembedding description of one brane is based on superembedding equation stating, in its form of (2.4) , that the pull-back of the target space bosonic vielbein to the worldvolume superspace W (1|16) do not have projections on the fermionic vielbein of W (1|16) , it is natural to expect that the center of mass motion of the system of multiple D0-brane will also obey the superembedding equations 7 .
As far as the superembedding equation puts the D0-brane model on the mass shell, our superembedding approach to NDp-brane model predicts that the center of mass motion will be described by the equations of motion of single brane with tension N · T . (In the case of D0-branes, i.e. Dparticles, T has a meaning of the particle mass). Then, in the light of the above discussion, the only possibility to describe the multiple D0-brane system in the framework of superembedding approach seems to be to consider a non-Abelian SU(N) gauge field supermultiplet on the D0-brane worldvolume superspace W (1|16) . (See [25] for more discussion in the context of searching for hypothetical Q7-branes [33] .) This can be defined by an su(n) valued non-Abelian gauge potential one form A = e 0 A 0 + e α A α with the field strength
To get a nontrivial consequences for the structure of the field strengths G αβ , G β0 one has to impose constraints. A natural possibility is
with some su(N ) valued SO(9) vector superfield X i . The Bianchi identities 
Applying the Grassmann covariant derivative D α to the fermionic Eq. (4.38), one derives, after some algebra, the following set of equations The above observation is important, in particular, because it indicates the relation with Matrix model [8] . Indeed, this is described by the Lagrangian obtained by dimensional reduction of the D = 10 SYM down to d = 1 [8] . Actually, the d = 1 dimensional reduction of the D = 10 SYM was the first model used to describe D0-brane dynamics in [7] even before the complete action for super-Dp-branes where constructed in [10] .
To resume, for the multiple D0-brane system in flat target type IIA superspace the worldvolume superspace W (1|16) is flat and our superembedding approach results in equations which are equivalent to the ones obtained as a result of dimensional reduction of D=10 SYM and coincide with the Matrix model equations. However, it can also be used to describe the multiple D0-brane system in curved supergravity background, where the way through 10D SYM dimensional reduction is obscure.
5 Multiple D0-branes in curved type IIA background. Polarization by external fluxes.
In the case of worldvolume superspace of D0-brane moving in curved target type IIA superspace the calculations become more complex due to the presence of bosonic and fermionic background superfields. For instance, instead of (4.37), one finds ǫδ αβ ∝ Λ. We will not need an explicit form of these (we leave this and other details for future publication [34]) as our main interest here will be in the algebraic structure of the bosonic equations of motion. 8 8 The fermionic equations of motion in the presence of fluxes have the structure of
Up to the fermionic bilinears proportional to the fermionic background fields these read
The SO(9) tensors F j,i and G jk,i in the r.h.s. of (5.42) are expressed in terms of fluxes by
where q 0,1,2,3 and p 0,1,2 are constant coefficients characterizing couplings to dilaton as well as to electric and magnetic fields strength of 1-form, 2-form, 3-form gauge fields.
Notice that the center of mass motion is factored out and is described by the single D0-brane equations (3.33),
Comparing this with Eq. (5.42) we see that the multiple D0-branes, as described by this equation, acquire interaction with higher form 'electric' and 'magnetic'
As one D0-brane does not interact with these background, one may say that the multiple D0-brane system is 'polarized' by the external fluxes such that the interaction with higher brane gauge fields is induced, much in the same way as neutral dielectric is polarized and, due to this polarization, interacts with electric field. This is the famous 'dielectric brane' effect observed by Myers in his purely bosonic nonlinear action [20] which, thus, is observed also for the D0-brane equations which have been obtained from the superembedding approach.
Conclusions and discussion
In this letter we have reported the results of application of superembedding approach to the search for multiple D0-brane equations. For the case of arbitrary (on-shell) type II supergravity background the dynamical equations obtained from the superembedding approach describe the coupling of multiple D0-branes to the higher NS-NS and RR fluxes (H 0ij , H ijk and R 0ijk ). Thus our equations of motion imply the 'polarization' of multiple D0-brane system under external higher form fluxes which makes them behaving like dipoles of charges characteristic for higher Dp-branes. This is the content of the so-called 'dielectric brane effect' [20] characteristic for the (purely bosonic) Myers action [20] . Further study of these equations and of possible restrictions which they might put on the embedding of multiple D0 into a given supergravity background and on their interaction is an interesting problem for future study.
In the case of flat tangent superspace, when the background fluxes vanish, the d=1, N=16 worldvolume superspace of D0-brane is flat and the dynamical equations for the relative motion of D0-brane 'constituents', which follows from the superembedding approach, are those of the D=10 SU(N) SYM dimensionally reduced down to d = 1. They, thus, actually coincide with what had been used for the very low energy description of multiple D0-brane system [7] and with the Matrix model equations [8] .
The purely bosonic limit of our equations is clearly simpler than the equations of motion following from the Myers action [20] . In this sense, the suggestion of the superembedding approach is that
with some constants a1,2 and b1,2.
this simpler equations, together with the single D0-brane equation describing the center of mass motion, actually give the 'complete' description of the multiple D0-brane system. The advantage of this description is that it is supersymmetric and also Lorentz and diffeomorphism covariant, while the Myers proposal [20] possesses neither of these symmetries expected for a system of coincident Dp-branes. Furthermore, as we have already stressed, our superembedding approach also provides the completely supersymmetric and covariant description of the 'dielectric brane effect'. 9 Another important problem for future study is to understand the relation of our results to the model in [22] . As far as our arguments in support of superembedding equation describing center of mass motion of the multiple D0-brane system cannot be considered as a rigorous proof, if a modification of the superembedding equation resulting in a more complicated interaction of D0-constituents did exist, a deeper understanding of the above interrelation might suggest the way to obtain it; in this hypothetical case our present study would provide a basis for such a hypothetical modification. 10 Notice that a modified superembedding equation does appear in the boundary fermion approach of [24] . However, this happens for the superembedding equation describing the embedding of a worldsheet superspace W (p+1|16+2N ) enlarged, to describe the 'classical' counterpart of multiple Dp-brane system but not just a single Dp-brane, by 2N additional fermionic directions, into the standard type II superspace Σ (10|16+16) , and the nonvanishing r.h.s. in the counterpart of (2.5),Ê i = eαχα i , happens to be proportional to the new fermionic supervielbein forms eα (α = 1, . . . , 2N ) corresponding to the new boundary fermion directions of W (p+1|16+2N ) . This, hence, cannot be used as a suggestion in our case, when the boundary fermions are not used. This is the place to make a more general comment on the the approach of [24] and to stress that our conclusions are not in contradiction with this work. In the second of the articles [24] a prescription was formulated how to reproduce the Myers action from a specific boundary fermion action. Basically it consists in i) fixing some specific gauge on an additional component of gauge potential related to the boundary fermion directions and, then, ii) replacing Poisson brackets by commutators and boundary fermions by matrices. However, in distinction to the original boundary fermion action, the result of this prescription appears to be, besides purely bosonic, also noncovariant with respect to diffeomorphisms and Lorentz symmetry. A prescription of quantizing the boundary fermion in such a way that to reproduce supersymmetric and Lorentz and diffeomorphism covariant result is not known. In our opinion this problem, noticed already in the original articles [24] , might be related with an attempt to quantize only the boundary fermion sector leaving the center of mass degrees of freedom classical. A complete quantization of the dynamical system [24] , which provides a fine classical (or 'minus one quantized') description of the dynamical system, should clearly result in an effective action describing, besides D-branes, also supergravity degrees of freedom interacting with them. The question whether it is possible to make a quantization of a part of degrees of freedom and to arrive at a covariant and supersymmetric description of multiple D-brane system in this context is similar to the question of existence of multiple D-brane action (without extra degrees of freedom), which was the motivation of our present study.
To conclude, as we have shown in this letter, the lowest dimensional, p = 0, multiple Dp-brane 9 The Myers action was (and is) motivated by that it is derived from T-duality. But let us stress that the starting point for the corresponding chain of duality transformations is the purely-bosonic D=10 non-Abelian Born-Infeld action based on the symmetric trace prescription [11] , and that supersymmetric generalization of these 10D symmetric trace BI action is not known, and its existence can be doubted (see discussion in [25] ). 10 To give an idea of the problems one meets on the way of searching for generalization of our approach which might incorporate nonlinear interactions suggested in [22] , let us notice that, although the consideration of [22] uses a purely bosonic worldline, the identification of κ-symmetry with worldline supersymmetry [26] can be used to identify the corresponding superembedding equation. This appears to beÊ i =Ĉ1M i , where M i is some worldvolume function (∝ ∂M ∂p i in the notation of [22] ) andĈ1 is the pull-back of the RR 1-superform of the type IIA supergravity (∝ dθ1, θ2 − θ1dθ2 in the case of flat superspace considered in [22] ). The problem with such a generalization of superembedding equation is that it is not invariant under the gauge symmetry of the RR 1-form.
system does allow for a description in the frame of superembedding approach. It is interesting to check whether such a description is possible for the case of type IIB D1 (D-string) and type IIA D2-brane (D-membrane). 11 We hope to turn to this problem in future publications.
